In a total of 57 dogs the anterior descending branch of the left coronary artery was doubly ligated. Cortisone apparently (1) reduced the area of residual fibrosis; (2) increased the vascularity of the heart.
E-XPERIMENTALLY produced myocardial infarcts in dogs, treated with crtisone, have shown a -much smaller area of residual fibrosis than untreated infarcts in the control animals. The idea for this work developed when one of us (A. S. J.) was evaluating the effect of pericoronary neuronectomy on revascularization of the myocardium following experimentally produced myocardial infarction in dogs. The results of the latter experiments were obscured by massive pleural and pericardial adhesions. Hence, since previous work' had shown that cortisone decreased the formation of abdominal adhesions, it was thought that cortisone might also reduce pleural and pericardial adhesions. The animals treated with cortisone showed not only a decrease in pleural and pericardial adhesions, but also had a much smaller area of residual fibrosis in the myocardium. With these findings in mind the present study was undertaken.
PROCEDURE
Mongrel dogs weighing 25 to 45 pounds were anesthetized with intravenous sodium Nembutal (1 cc. per 5 pounds). Pressure oxygen was given through an endotracheal tube. The heart was exposed by a left thoracotomy incision with removal of a segment of the fourth rib. The pericardium was opened and the anterior descending branch of the left coronary artery was doubly ligated with triple 0 silk.
The animals were divided into three groups. In of the left coronary artery was ligated 1.5 cm. below the origin of the circumflex branch (low ligation). Seven of these animals were treated with cortisone in doses of 12.5 mg. to 20 mg. twice daily for 14 to 22. days and seyen aniuas were kept as controls.
All animals were sacrificed 14 to 22 days after operation.
In group II (18 animals), the anterior descending branch of the left coronary artery was ligated 0.5 cm. below the origin of the circumflex branch (high ligation). Nine animals were treated with cortisone, 20 mg. twice a day for 20 days, and nine animals were kept as controls. All of these animals were sacrificed 30 days after operation. They had been confined to their cages until the time of sacrifice and had received 1 cc. of procaine penicillin (300,000 units) daily postoperatively for four days. Cortisone used in these experiments was given intramuscularly and the initial dose was given immediately as the coronary artery was ligated. Electrocardiograms (standard limb leads, augmented unipolar leads and V leads) were taken before, during and after ligation of the coronary artery. Upon sacrifice of the animals the heart and lungs were exposed and photographed in situ. Then the heart and lungs were removed en bloc. The hearts were studied by means of x-ray films of the injected coronary bed by the following technic: The right and left coronary arteries were isolated and a cannula was introduced into these vessels and tied. A 20 per cent suspension of bismuth oxychloride with a 20 per cent gum acacia base was injected through the cannula under pressure varying from 80 to 120 mm. Hg.2 X-ray films were then taken of the heart ( fig. 1 ).
After injection, the hearts of all coronary ligated animals were fixed in 10 per cent formaldehyde for three days and then sectioned serially. The length, width and depth of the infarcted area was measured by calipers and centimeter rule. Sections were taken for microscopic study.
Group III included a series of 12 dogs in which no operation was performed. Four animals received cortisone, 50 mg. daily for two months, and four Circulation, Volume recei-e(l adrenocorticotropic hormone, (ACTH) 30 mg., daily for two months. The four remaining animals were kept as controls. At the end of two months all animals were sacrificed and injection studies of the hearts were made ( fig. 2 ).
RESULTS
The results in group I and group II are presented in tables 1 and 2 respectively. Grossly, the myocardial infarcts in the cortisone-treated animals were much smaller than those in the control group.
In group I, low ligation, the average size of the infarct in the seven control animals expressed in cubic centimeters was 7.28, whereas that in the treated animals was only 0.96 cc. (table 1). In the treated animal of pair 6, the size of the infarct was 4.8 cc. This treated dog failed to receive cortisone for two days-from the fourth to sixth postoperative day. In all other treated animals the infarct was less than 1.0 cc.
In group II, high ligation, the average size of the infarct in the nine control animals expressed in cubic centimeters was 18.83, while that in the treated animals was only 0.141 (table 2) . In the control animals of group II all infarcts measured more than 12 cc. whereas in the treated animals the infarcts were less than 1.0 cc. In four of the treated animals no residual fibrosis could be seen on the gross specimen. Figure 1 demonstrates a comparison of the coronary circulation in the treated (A) and control (B) animals by means of x-ray injection technic. All hearts in groups I and II were studied in this way. Very marked differences were apparent in the two groups. The control animals showed very little or no interarterial coronary anastomosis in the infarcted area whereas in the treated animals there was an apparent increase in blood supply to the area involved.
The animals in group III, which were treated with cortisone and adrenocorticotropic hormone (ACTH) but did not have an experimentally produced myocardial infarct, revealed a more prominent vascular pattern, both on gross inspection and on the injection study, than the control animals (figs. 2 and 3). It was also noted that the dye injected into the left coronary artery promptly appeared in the right coronary artery and its branches, which was not observed in the hearts of the control animals.
Two pairs of animals (two controls and two treated) were sacrificed 72 hours after operation. There was a decided difference in the coronary vessels and the area of infarction. The control animals showed large infarcts with absence of collateral branches. The cortisonetreated animals, on the other hand, showed minimal infarcts and numerous collateral branches coursing through an area comparable to the infarcted area in the control animal.
Complete and detailed electrocardiographic findings will be reported at a future date. Suffice it to say at this time that in animals on which coronary ligation was performed, both treated and control, the electrocardiograms showed patterns consistent with an acute myocardial infarction. Table 3 gives the postoperative mortality.
In the control series, there were 34 animals and 18 deaths. This is a mortality of 52.9 per cent. Thirteen of these deaths occurred within one half hour after operation. In the cortisone- treated series, there were 23 animals and five deaths. This is a mortality of only 21.5 per cent. Histopathologic observations revealed that cortisone produces a marked decrease in local fibroblastic proliferation during the first 14 days of healing of the infarct. These changes are manifested chiefly at the edge of the area DISCUSSION It would seem that we are dealing here with two distinct effects of cortisone on the myocardium. The marked decrease iii local fibroblastic proliferation during the early stages of healing of the infarcted area in the cortisonetreated animals is consistent with repeated ob-A Fig. 3 . X-ray-injection study of treated adrenocorticotropic hormone (ACTH) animal there is a between the area of infarction and adjacent muscle, whereas the control shows a broad, irregular zone of healing. The muscle surrounding the infarcted area in the treated animal takes the stain better than the corresponding muscle tissue in the control animal. These histologic distinctions are no longer apparent after 30 days. B and control (B) animals of group III who received servations of the effect of cortisone on all mesenchyrnal tissues. Mlany workers have demonstrated that cortisone produces delay in fibrosis, diminished cellular reaction, scanty formation of ground substance, little capillary formation and complete lack of fibrin and exudate.3 This phenomenon is no doubt in part responsible for the marked absence of adhesions in the abdomen, chest, and pericardium in cortisonetreated animals.
A second effect which, so far as we know, has not been described heretofore, is the direct action of cortisone on the entire vascular system of the heart. The existence of interarterial coronary anastomoses in mammalian hearts has been generally accepted.4 Our injection arteriograms show increased interarterial anastomoses in the cortisone-treated animals. These were present in both the corollary ligated and the noncoronary ligated animals which received cortisone. This effect was apparently sufficient to decrease the area of residual fibrosis.
It should be pointed out that Chapman and co-workers have studied the effect of cortisone in experimentally produced myocardial infarction with interest in healing of the infarcted area and electrolyte changes.5 They report that cortisone given to dogs with experimentally produced myocardial infarcts produced no deleterious effects either on the size of the infarcts or on the rate or quality of myocardial healing. They also report that no significant disturbance in electrolyte balance occurred.
Since this work has numerous clinical inferences, further investigative work is being done. It must be remembered that complications of cortisone and adrenocorticotropic hormone therapy which have been reported include sodium and water retention, elevation of blood pressure, and an increased tendency toward thromboses. Moreover it is not known whether the action of cortisone and adrenocorticotropic hormone in dogs can be considered to have the same effect in man. Hence, until further work is completed in regard to dosage, time of administration, and duration of treatment this work must be considered purely experimental. It can be said however that in the entire series of treated animals there were no untoward effects such as rupture of the myocardium or aneurysmal dilatation which might be ascribed to delay in healing. A preliminary report of this work was published in December, 1951.6 CONCLUSIONS 1. In myocardial infarcts experimentally produced by low coronary ligation, the average size of the infarcts in the cortisone-treated animals was 0.96 cc., whereas in the control animal the average size of the infarct was 7.28 cc.
When the infarct was produced by high coronary ligation, the average size of the infarcts in the cortisone-treated animals was 0.141 cc. whereas in the control animal the average size of the infarcts was 18.83 cc.
2. The mortality in the control animals was 52.9 per cent whereas in the treated animals it was only 21. 5 
per cent.
It is apparent that after an acute coronary occlusion, animals receiving cortisone have a 25 per cent better chance of survival. 3. The local area of infaretion showed a marked decrease in local fibroblastic proliferation and a delay in healing during the early stages in the cortisone-treated animal. 4 . Cortisone also produced a general effect on the heart. Postmortem injection studies demonstrated increased interarterial coronary anastomoses throughout the vascular system of the heart. We believe that this provided sufficient collateral circulation to lessen the area of infarction.
5. Postmortem injection studies also revealed increased interarterial coronary anastomoses in the hearts of dogs receiving cortisone and adrenocorticotropic hormone without ligation of the coronary arteries.
